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▼Fluorescence in situ hybridization (FISH) has become an
indispensable tool in a variety of areas of research and clin-
ical diagnostics. Here we describe an approach for the rapid
and reliable generation of direct-labeled probes using the
degenerate-oligonucleotide-primed–polymerase chain reac-
tion (DOP–PCR) (Ref. 1). 5′-Cy3-labeled oligonucleotide
primers were used to generate chromosome-specific DNA
probes suitable for FISH analysis from yeast artificial chro-
mosomes (YACs). To demonstrate the feasibility of this
novel approach and to narrow down both breakpoints of a
t(8;12) translocation carrier with severe dysphasia and ad-
ditional minor anomalies, we mapped 6 Mega-YACs from
the Centre d’E´tude du Polymorphisme Humain (CEPH;
http://www.cephb.fr/) library to metaphase spreads of the
patient.
To increase the complexity of the DOP–PCR products,
we started DNA polymerization at a lower temperature in
the first few cycles as recommended by Kroisel et al. (Ref.
2). The probes generated by this slightlymodifiedDOP–PCR
were intensely fluorescent, they gave very distinct signals
within short integration times (<1.5 s) and because they
were directly labeled, they could be analyzed immediately
after hybridization. No additional reagents or incubation
timeswere needed to detect the probe. By contrast with con-
ventional direct-labeling approaches, only one DOP–PCR
reaction, without additional time-consuming and labor in-
tensive PCR- or nick translation steps, was necessary to
get probes for FISH analysis. Because the parameters of
this DOP–PCR allow the generation of complex amplifica-
tion products from miniscule amounts of DNA, high qual-
ity FISH probes can be obtained very reliably from crude
DNA preparations from boiled YACs or bacterial colonies.
Using this approach, frequently used probes can be pro-
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FIGURE 1. Agarose gel (1%) of
degenerate-oligonucleotide-primed–polymerase chain reaction
(DOP–PCR)-amplified yeast artificial chromosome (YAC) clones using
Cy3-labeled primers. Clones from chromosome 8 (YAC 912_e_5, YAC
928_f_9, YAC 820_e_6) and chromosome 12 (YAC 928_g_2, YAC
927_g_11, YAC 934_h_5) are shown, with a 100 bp ladder as a marker.
The amplification results in ‘ready-to-go fluorescence in situ
hybridization (FISH) probes’ of an average size of approximately 300 bp.
duced very cheaply because the costs of fluorescent-labeled
primers are much lower compared with those of labeled nu-
cleotides used during PCR amplification. This method can
also be used for diagnostic applications such as microdele-
tion screening. Furthermore, the availability of different
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FIGURE 2. Fluorescencein situ hybridization (FISH) results obtained with degenerate-oligonucleotide-primed–polymerase chain reaction (DOP–PCR)
probes using Cy3-labeled primer from the chromosome 12 YAC 927_g_11 to metaphase chromosomes of the t(8;12) translocation carrier. Specific
hybridization signals have been localized to the normal chomosome 12 and the translocation chromosome der (8).
unique colors (e.g. Cy3, Cy5, FITC) permits the analysis
of multiple sequences in a single sample.
Protocol
Probe generation
Parts of single yeast colonies containing YACs from the
CEPH library were obtained by scratching with ster-
ilized micropipette tips and transferred to Eppendorf
tubes filled with 100 µl H2O. These were boiled for 10
min at 100◦C and the cell debris was pelleted by cen-
trifugation at 14 000 rpm for 1 min in an Eppendorf
centrifuge.
1 µl aliquots of the supernatant containing the released ge-
nomic yeast DNA were amplified in 50 µl reactions
by a slightly modified DOP–PCR (Ref. 2), using the
degenerate-oligonucleotide primer (MWG-Biotech AG)
labeled with Cy3 at the 5′-end during oligosynthesis.
This created labeled FISH probes in an optimized aver-
age size range of approximately 300 bp (Figure 1).
For each hybridization, approximately 100 ng of the am-
plified probe and 3–5 µg Cot-1 DNA (Gibco) was re-
suspended in 8 µl hybridization mixture [Master-Mix
1 (MM1)] (Ref. 3), denatured at 70◦C for 8 min and
preannealed for 30 min at 37◦C. Metaphase spreads,
prepared according to standard procedures, were de-
natured in 70% formamide and 2 × SSC (300 mM
NaCl, 30 mM sodium citrate, pH 7.0) at 70◦C for 2
min, and dehydrated in a cold ethanol series. Probes
were hybridized overnight in a moist chamber at
37◦C.
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Post-hybridization washes
Slides were washed in 0.4×SSC/0.3% NP-40 at 73◦C for
2 min, removed from the wash bath and placed in
2×SSC/0.1% NP-40 at room temperature for approxi-
mately 1 min.
Counterstaining was performed using 4,6-diamidino-2-
phenylindole-dihydrochloride (DAPI) (0.5 µg ml−1) in
anti-fade solution, Vectashield (Vector Laboratories).
The metaphases were analyzed with an Axiophot mi-
croscope (Zeiss) equipped with a cooled CCD cam-
era (Photometrics). Digitized images were captured by
the CytoVision Ultra System (Applied Imaging Interna-
tional).
Distinct signals can be obtained with our equipment using
exposure times of approximately 1.5 s (Figure 2). We
have used MegaYACs from the CEPH library with hu-
man DNA inserts exceeding 1 Mb and all probes used
in our study yielded clear results within 3 days from the
stabculture of the yeast to the printout of the signals.
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Products Used
Human Cot-1 DNA: Human Cot-1 DNA from Life
Technologies (Gibco BRL)
Cot-1 DNA: Cot-1 DNA from Boehringer
Mannheim
Anti-fade solution: Anti-fade solution from Vec-
tor Laboratories Inc
vectashield: vectashield from Vector Laboratories
Inc
Axiophot: Axiophot from Carl Zeiss
microscope (Stemi 2000): microscope (Stemi
2000) from Leica Microscopy & Scientific Instruments
Group
Axiophot: Axiophot from Carl Zeiss
microscope: microscope from Carl Zeiss
CCD camera: CCD camera from Photometrics
CCD camera: CCD camera from Photometrics
Cytovision Ultra System: Cytovision Ultra Sys-
tem from Visitech
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